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Abstract

Objectives: Facial palsy is the most common manifestation of Lyme neurobor-

reliosis (LNB) in the United States. This study aimed to describe features of

patients with early LNB presenting with facial palsy and to determine if corti-

costeroids in addition to antibiotic therapy was associated with unfavorable

outcome. Methods: Retrospective analysis of participants enrolled in clinical

studies investigating Lyme disease (N = 486) identified 44 patients who had

facial palsy from LNB. The House–Brackmann scale was used to quantify the

facial nerve dysfunction. Results: Most patients presented in the summer

months. Erythema migrans, frequently associated with systemic symptoms,

occurred in 29 patients. Thirteen patients presented with bilateral facial palsy,

usually with sequential involvement. Fourteen patients had painful radiculopa-

thy. Of the 38 patients treated with antibiotics before the resolution of the palsy

who had complete follow-up, 24 received both antibiotics and corticosteroids.

Of these 38 patients, 34 recovered completely, 3 had nearly complete recovery,

and 1 had moderate dysfunction. There were no differences between the treat-

ment groups in achieving complete resolution of the palsy at 12 months or in

time to complete recovery. Interpretation: A history of rash compatible with

erythema migrans or febrile illness in the weeks preceding the palsy are helpful

clues pointing toward LNB and should be actively sought when evaluating

patients with acute-onset peripheral facial palsy, particularly bilateral facial

palsy. Treatment with antibiotic therapy is highly effective and most patients

will fully recover facial nerve function. Adjunctive corticosteroid therapy

appears to not affect the speed of recovery or overall outcome in this retrospec-

tive observational study.

Introduction

Lyme disease, caused by Borreliella (Borrelia) burgdorferi

and transmitted by the bite of the ticks of the Ixodes rici-

nus complex, is the most common tickborne illness in the

United States (US) and Europe.1,2 Borreliella burgdorferi

enters the skin at the site of the tick bite, typically result-

ing in the erythema migrans (EM) skin lesion. From the

inoculation site, the organism can disseminate and affect

the skin, heart, joints, and nervous system. Borreliella

burgdorferi causes most human disease in the US, while B.

afzelli and B. garinii are the most common culprits in

Europe.3 Variations in the clinical manifestations of Lyme

disease between the US and Europe are associated with

differences in the Borreliella species causing the infection.4

Lyme neuroborreliosis (LNB) occurs in about 15% of

untreated patients in the US,5 and it is the most frequent

extracutaneous manifestation of Lyme disease in Eur-

ope.6,7 LNB is divided between early and late manifesta-

tions (duration of signs and symptoms for more than

6 months), as well as between central and peripheral ner-

vous system manifestations.8 The most common manifes-

tations of early (or acute) LNB are cranial neuropathy

(particularly facial palsy), lymphocytic meningitis, and

Published 2022. This article is a U.S. Government work and is in the public domain in the USA. Annals of Clinical and Translational Neurology

published by Wiley Periodicals LLC on behalf of American Neurological Association.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and

distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

41

https://orcid.org/0000-0002-5403-4551
https://orcid.org/0000-0002-5403-4551
https://orcid.org/0000-0002-5403-4551
mailto:


radiculoneuritis. Peripheral facial palsy is the most com-

mon presentation in the US, while adult patients with

early LNB acquired in Europe (mostly associated with

B. garinii infection) usually present with Bannwarth syn-

drome, a subacute meningoradiculoneuritis characterized

by painful radiculitis and lymphocytic pleocytosis, some-

times accompanied by cranial nerve involvement (most

often peripheral facial palsy).7,9–12

Despite LNB being a relatively frequent manifestation

of Lyme disease in the US, there have been few published

studies describing the course and outcome in adults since

the early descriptive series.13–19 Moreover, two recent

studies of US patients with facial palsy due to LNB raised

concern that adjunctive corticosteroid treatment may lead

to a worse outcome.20,21 The aim of this study is to

describe the clinical features, laboratory data, treatment,

disease course, and outcome of a cohort of US patients

with early LNB presenting with facial palsy; and to deter-

mine if treatment with corticosteroids in addition to

antibiotic therapy was associated with unfavorable out-

come when compared with only antibiotics therapy.

Methods

Patients

We performed a retrospective analysis of participants

enrolled in clinical studies investigating Lyme disease

(ClinicalTrials.gov identifiers NCT00028080 and

NCT00001539) from 1997 to 2017. The studies were

approved by the institutional review board of the

National Institute of Allergy and Infectious Diseases,

National Institutes of Health. Written informed consent

was obtained from all participants. NCT00028080 is a

natural history study of patients with a recent diagnosis

of Lyme disease. Patients are evaluated at the following

approximate time points: baseline; 1, 3, 6, and

12 months; and yearly thereafter. NCT00001539 is a

cohort study of patients with post-treatment Lyme disease

syndrome and include patients diagnosed with confirmed

or probable Lyme disease, who have received recom-

mended antibiotic therapy and have persistent or relaps-

ing symptoms and/or signs for at least 6 months after

therapy. Patients were identified through an electronic

search using a search tool and data repository of medical

records at the National Institutes of Health Clinical Cen-

ter and intramural National Institute of Allergy and Infec-

tious Diseases. All patients with a diagnosis of Lyme

disease evaluated under the two clinical studies were

included in the search. Patients were included in the

study if they had a diagnosis of facial palsy associated

with Lyme disease. All patients fulfilled the US Center for

Diseases Control and Prevention 2017 Lyme Disease case

definition.22 Detailed information regarding the Lyme dis-

ease history, treatment, and outcome status were retrieved

by medical record review. The House–Brackmann scale23

was used to quantify the facial nerve dysfunction.

Laboratory evaluation

Standard cerebrospinal fluid (CSF) analyses included cell

counts, total protein, glucose, immunoglobulin (Ig) G,

and albumin. Borreliella burgdorferi polymerase chain

reaction (PCR) targeting the 16sRNA gene24 was used to

tests CSF samples. Measurement of intrathecal production

of B. burgdorferi-specific antibodies on paired CSF and

serum specimens was performed at Stony Brook Lyme

Disease laboratory and/or at Imugen. At Stony Brook,

samples were analyzed by a polyvalent enzyme-linked

immunosorbent assay (ELISA) against B. burgdorferi

whole cell sonicate. CSF and serum samples were diluted

to equivalent IgG concentration and the ELISA optical

density used to determine the B. burgdorferi CSF/serum

antibody index (AI). At Imugen, serum and CSF samples

were analyzed using antibody capture enzyme immunoas-

says (EIAs) for IgM, IgG, and IgA to B. burgdorferi.25

Statistical analyses

Counts and percentages were used to summarize the asso-

ciated manifestations of Lyme disease in patients with

facial palsy. Comparisons between participants with uni-

lateral and bilateral facial palsy and treatment, as well as

between treatment and achievement of complete recovery

were performed through Fisher’s exact test. Comparisons

in time to complete recovery were performed through a

Cox proportional hazards model. Given there were partic-

ipants with multiple measurements due to bilateral facial

palsy, the standard error of the hazard ratio statistic and

associated confidence intervals were estimated via boot-

strap with 10,000 samples.

Results

Study cohort

From 486 patients, 44 were identified as having facial

palsy associated with LNB. Most patients were adults, and

the median age was 43 years. There were two teenagers.

Of the 44 patients, 26 (59%) were male. Most patients

acquired the infection in Maryland (30) and Virginia (8).

Thirty-two patients were evaluated under protocol

NCT00028080. Most of these patients (22) were seen

within the first 21 days of the facial palsy onset. One

patient was seen 4 weeks after start of facial palsy, but

within a week of starting antibiotic therapy. Three
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patients were seen at 5, 7, and 9 weeks from the start of

facial palsy, but within 4 weeks of the completion of

antibiotic therapy. Two other patients were first seen

3 months from the start of facial palsy for evaluation of

new symptoms. Four patients were first evaluated after

6 months from the start of the facial palsy, of those two

were evaluated for late LNB, one for Lyme arthritis and

one for a second episode of Lyme disease. There were 12

patients with post-treatment Lyme disease syndrome eval-

uated under NCT00001539. From these 12 patients, 5

were seen within the first year and 5 were seen in the 2nd

year from the start of the facial palsy. Two patients had

facial palsy 4 and 8 years before their evaluation.

Associated manifestations of Lyme disease

Only six patients had a history of a recognized tick bite.

A history of EM was present in 29 patients (Table 1). A

single EM was present in 12 patients, a single EM fol-

lowed by multiple EM lesions occurred in 13 patients,

while four patients presented with multiple EM without a

recognized single EM lesion. A non-specific febrile illness

in the summer (a “summer flu”), characterized by fever,

chills, headache, fatigue or malaise, neck and back pain or

stiffness, myalgias, and arthralgias was the initial presenta-

tion of 15 patients without EM. The median time

between the start of illness and the development of facial

palsy was 19.5 days (range 9–64 days). Patients who pre-

sented with EM also frequently presented with systemic

symptoms (16/29, 55%) as part of the initial presentation,

with the most common symptoms being fever, headache,

and fatigue. Of the 25 patients who presented with an ini-

tial single EM, the rash preceded the facial palsy by a

median of 22 days, while patients without a history of

EM had a median interval of 19.5 days between the start

of illness and development of facial palsy. Most patients

presented with their initial illness in June and developed

facial palsy in July (Fig. 1).

Facial nerve palsy characteristics

The facial palsy was unilateral in 31 patients, with the

right and left sides of the face being affected in similar

proportions. Thirteen patients presented with bilateral

facial palsy, with 10 presenting initially with unilateral

involvement which was followed by palsy of the contralat-

eral facial nerve a median of 6.5 days later (range 2–
12 days). Interestingly, while unilateral facial palsy

occurred equally in males and females, bilateral palsy

occurred primarily in males (77% of patients with bilat-

eral facial palsy). Bannwarth syndrome (subacute painful

meningoradiculitis) occurred in 4 patients, while another

10 patients had a compatible history, but no cerebrospinal

fluid evaluation was performed at the time.

Laboratory evaluation

Of the 39 patients who had results from serological evalu-

ation at the time of the facial palsy available for review,

all were positive by first-tier test. Only 33 of these 39

patients had also immunoblot results available for review,

and 31 of these 33 were positive following the US Center

for Disease Control and Prevention two-tier criteria.26

The two other patients were positive by a first-tier test

and IgM immunoblot criteria but did not fulfill the IgG

immunoblot criteria, with disease duration longer than

30 days (both had 4 signature IgG bands). Of the 23

patients who had CSF evaluation available, 17 had a white

cell count above 5 cells/mm3, with a median of 28 cells

(range 7–149), predominantly lymphocytes. CSF protein

levels were above 45 mg/dL in fourteen patients, with a

median value of 82 mg/dL (range 49–223). Borreliella

burgdorferi PCR was negative in all 15 samples tested at

the National Institutes of Health Clinical Center and 3 of

3 samples tested at outside commercial laboratories. Fif-

teen patients had intrathecal AI measured, with 5 tested

only by antibody capture EIA, 1 tested only by ELISA,

and 9 tested by both methods. Of the 14 samples tested

by antibody capture EIA, 6 had positive AI (above 1.5), 6

had borderline AI results (1–1.5), and 2 were negative

(AI < 1). Of the 10 samples tested by ELISA, the AI was

positive in 1, borderline in 3, and negative in 6. One sam-

ple was tested only by ELISA and had a borderline AI.

For the 9 samples tested by both methods, and consider-

ing positive and borderline results together, 4 results were

concordant (3 positive and 1 negative in both tests) and

5 were discordant. All discordant results had positive or

Table 1. Associated manifestations of Lyme disease in patients with

facial palsy.

No. (%)

Presentation

Erythema migrans (EM), all 29 (66)

Single EM 12 (27)

Single EM followed by multiple EM 13 (30)

Multiple EM 4 (9)

Non-specific febrile illness with no recognized EM 15 (34)

Other symptoms and signs

Fatigue 34 (77)

Fever and/or chills 31 (70)

Headache 28 (64)

Myalgias 23 (52)

Arthralgias 22 (50)

Neck pain or stiffness 18 (41)

Radicular pain 14 (32)
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borderline results by antibody capture EIA and negative

results by ELISA. At an AI cutoff >1.5 or ≥1, the antibody

capture assay had a sensitivity of 43% (95% CI 19–70)
and 86% (95% CI 56–98), respectively, while the ELISA

method sensitivity was 10% (95% CI 0.6–49) and 33%

(95% CI 9–69). Overall, of the 15 samples tested, 6 had

AI index above 1.5 (40% sensitivity) and 13 had a bor-

derline or positive result (87% sensitivity).

Treatment and outcome

Of the 44 patients, the palsy resolved before any therapy

in two patients, and with corticosteroids alone in another

patient. These patients were treated with antibiotic ther-

apy after the resolution of the facial palsy. Of the 41

patients who were treated with antibiotics before the reso-

lution of the palsy, 15 were treated with antibiotics alone

and 26 received both antibiotics and corticosteroids.

There was no relationship between having unilateral or

bilateral palsies and receiving antibiotics or both antibi-

otics and corticosteroids (two-tailed p = 0.43, Fisher’s

exact Test). Patients were most often treated with doxycy-

cline and ceftriaxone, and the median duration of antibi-

otic therapy was 32 days. The median duration of steroid

therapy was 9 days.

The outcome at 12 months was known for 38 patients.

Two patients with unilateral facial palsy had <4 weeks of

follow-up. One patient with bilateral facial palsy had

completely recovered on one side, and nearly complete

recovery of the other side at his last assessment at

4 weeks. Of the 38 patients, 34 recovered completely and

3 had nearly complete recovery. Only one patient had

moderate residual deficit, with a House–Brackmann score

of 3 (Table 2). There were no differences in the treatment

groups (antibiotics or antibiotics and corticosteroids) in

achieving complete resolution of the palsy at 12 months

(p = 1, Fisher’s exact test). All patients with bilateral

facial palsy had a full recovery.

For 31 patients (9 patients with bilateral and 22 with

unilateral facial palsy) and 39 palsies, we had detailed

information regarding the interval from start to resolu-

tion. One patient with bilateral facial palsy had complete

recovery of one side at 4 weeks but did not return for

further follow-up, and therefore only one side is included

in the analysis. Of these 31 patients, 11 were treated with

antibiotics alone, while 20 received both antibiotics and

corticosteroids. Of the 38 paralyzes with House–Brack-
mann scores of 1 and 2 and documented time to recov-

ery, the median interval to recovery was 2 months (range

0.5–6). We next examined if there was a significant differ-

ence noted in the time to complete recovery (House–
Brackmann scores of 1) between patients who received

corticosteroids plus antibiotics versus antibiotics alone

using the proportional hazards model of Cox with vari-

ance estimates obtained via bootstrap (10,000 samples) to

test the between groups difference. The participants who

did not recover (House–Brackmann scores of 2 and 3)

were censored at 12 months. There were no differences

Figure 1. Months of onset of illness

and facial palsy from Lyme disease.

Table 2. Outcome of facial palsy from Lyme disease.

Treatment HB = 1 HB = 2 or 3

Antibiotic 13 1

Antibiotic and corticosteroid 21 3

There were no differences in outcome at 12 months between the

treatment groups (p = 1, Fisher’s exact test). HB, House–Brackmann

grade.
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between the two treatment groups (corticosteroids plus

antibiotics over antibiotics alone) regarding the time to

recovery when analyzed from either the start of the facial

palsy (hazard ratio 0.617, 95% confidence interval 0.259–
1.677, p = 0.31) (Fig. 2A) or start of antibiotic therapy

(hazard ratio 0.656, 95% confidence interval 0.294–1.644,
p = 0.336) (Fig. 2B). Using the same strategy, we found

the time to recovery from the start of facial palsy to be

similar for patients with unilateral and bilateral involve-

ment (bilateral over unilateral involvement hazard ratio

1.246, 95% confidence interval 0.647–2.424, p = 0.514)

(Fig. 3).

Discussion

Facial palsy is the most common manifestation of early

LNB in the US, but there are few studies describing the

clinical features and outcome in adult patients. Our study

adds new evidence to the field and brings to attention

important points for the recognition of early LNB in the

US. Early diagnosis and treatment are important to prevent

complications of the infection. One of the main issues is to

distinguish facial palsy due to LNB from Bell’s palsy, the

most common cause of unilateral facial nerve palsy and

thought to be associated with herpes simplex reactivation.

As shown in our and other studies,6,7,11,12,16,19,27–30 the his-

tory and clinical picture will often give clues pointing

toward the diagnosis of LNB. Most cases occur in the sum-

mer months. Important points included a history or pres-

ence of a skin lesion compatible with EM, which occurred

in 66% of our patients. Constitutional symptoms (particu-

larly fatigue, headache, fever, chills, stiff neck, and arthral-

gias) were very common, present in 70% of the cases, and a

substantial number of patients presented only with a “sum-

mer flu.” The median interval between the first symptoms

or signs to the facial palsy was 19.5 days in our study,

which is consistent with previous studies.16,27,30 As with

other manifestations of Lyme disease in the US, the major-

ity of our patients did not recall a tick bite. These clues (ex-

posure to ticks in an endemic area, but not necessarily a

history of recognized tick bite, constitutional symptoms

and/or skin lesions, and presentation in the summer

months) in a patient presenting with facial palsy should

bring early LNB to the forefront of the clinician’s differen-

tial diagnosis.

Similar to an earlier study,16 bilateral facial palsy

accounted for 30% of the cases and predominantly

occurred in males. Bilateral involvement usually occurred

consecutively, with an interval of 6.5 days apart, analo-

gous to the interval reported in a study from Sweden.31 It

has been reported that US adult patients with early LNB

present less frequently with severe radicular pain.19 Our

study agrees with this assessment, with 32% of our

patients presenting with radicular pain. In comparison, in

a study of 194 adult patients diagnosed with LNB in Den-

mark from 2015 to 2017, 70% of the patients had radicu-

lar pain and 43% had facial nerve palsy.7 Interestingly,

the prevalence of radicular pain in our study was similar

to studies assessing patients with LNB-associated facial

palsy in Slovenia30 and Poland32; radicular pain was pre-

sent in 13 of 64 (20%) and 13 of 38 patients (34%),

respectively.

Detection of B. burgdorferi DNA in CSF was negative

in 18 of the 18 patients tested. These results are expected,

as current assays for direct detection of B. burgdorferi

have very low sensitivity in CSF samples and these assays

Figure 2. Time to recovery of facial palsy from Lyme neuroborreliosis by treatment group. (A) Time to recovery from start of facial palsy. (B) Time

to recovery from start of antibiotic therapy. Patients with House–Brackmann scores of 1 were considered recovered. Participants who did not fully

recovered (House�Brackmann score of 2 and 3) were censored at 12 months. Analysis using the Cox proportional hazards model showed no

differences between the two groups.
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are not recommended for the diagnosis of LNB in the US.8

New methods and strategies that would increase sensitivity

of direct assays are urgently needed.33 Currently, the detec-

tion of intrathecally produced B. burgdorferi-specific anti-

bodies using the CSF/serum AI is recommended to diagnose

LNB in both the US and Europe,8,34,35 if CSF testing is per-

formed. Most studies supporting the use of intrathecal AI

index are from Europe, where the sensitivity of tests range

from 42% to 91%.7,11,12,29,30,32,36 The impression based on

the few early US studies is that a positive intrathecal AI is less

common in the US.14,17,25,37 Our results, while evaluated in

only 15 patients, shows an overall sensitivity of 40% when

using a cutoff >1.5, increased to 87% when using a cutoff

value ≥1.0. Although we compare the two assays in only 10

patients, the antibody capture assay was more sensitive than

the ELISA methodology. Only 4 of 10 samples (40%) tested

by ELISA had an intrathecal AI result of ≥1. Moreover, 5

samples that were negative by ELISA had intrathecal AI

results ≥1.0 using the antibody capture assay. The difference

in sensitivity between the two assays is likely to explain the

lower sensitivity reported in a recent study of 19 LNB

patients from the US.38 This study, which used the ELISA

assay to measure the intrathecal AI index, had 42% positivity

using a cutoff value ≥1.0. These results highlight differences
between test results based on methods, assays and interpreta-

tion10,39,40 and the acute need for efforts to compare and

standardize test methodologies. A major issue with all the

current available methodologies for intrathecal AI testing in

the US is the relatively large amount of CSF required for

testing, which significantly limits the possibility of compara-

tive studies.

Notably, all of our patients were seropositive for B.

burgdorferi antibodies when tested by a first-tier test, and

the majority was also positive by the standard two-tier

testing criteria.26 This shows that the current two-tier

algorithm performs relatively well in this situation. How-

ever, due to the relatively long turnaround time for these

tests, a point-of-care test based on the modified or alter-

native two-EIA approach would be particularly helpful in

patients with manifestations of early disseminated Lyme

borreliosis, like our patients with facial palsy, as well as

patients with carditis, and children with Lyme arthritis.41

Overall, we have shown that the outcome of facial palsy in

patients with early LNB is excellent, with most patients hav-

ing complete (88%) or almost complete (9.5%) recovery.

Only one patient had a more severe residual deficit, with

moderate dysfunction. These results are similar to previous

reports,16,18 but differ from two recent studies, where corti-

costeroids, in addition to antibiotic therapy, could have a

deleterious effect in palsy from Lyme disease.20,21 This is a

serious concern, as most cases of peripheral facial nerve palsy

in adults are classified as idiopathic (Bell’s palsy) and ran-

domized trials have shown a significant benefit from treating

idiopathic facial nerve palsy with short course of corticos-

teroids treatment, with the aim of reducing inflammation

and limiting nerve damage. A short course of corticosteroid

treatment (with or without antiviral treatment), initiated

within 72 h after symptom onset is the recommended treat-

ment for idiopathic facial palsy in adults.42 In our cohort, we

found no evidence that corticosteroids had a harmful effect,

and there were no significant differences between patients

who were treated with antibiotics alone or who had received

antibiotics and corticosteroids in achieving complete recov-

ery, or in the time to recovery from facial palsy. Similar

results were seen in a prospective open trial of adjunctive

corticosteroids in LNB peripheral facial palsy treated with

doxycycline, which showed no change in outcome.43

Our study has several limitations. The retrospective

design is subject to bias with the potential for missing

data as well as subjective recall bias from the patient. The

Figure 3. Time to recovery of patients

with unilateral and bilateral facial palsy

from Lyme neuroborreliosis. Time to

recovery is shown from the start of

facial palsy. Patients with House–

Brackmann scores of 1 were considered

recovered. Participants who did not fully

recovered (House–Brackmann score of

2 and 3) were censored at 12 months.

Analysis using the Cox proportional

hazards model showed no differences

between the two groups.
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timing of recovery was estimated based on chart review,

and while most patients were followed prospectively,

more frequent assessments until the resolution of the

palsy would lead to more precise estimates of the recovery

rate. While observational data can support inferences

regarding treatment outcomes of different interventions,

the effect of the addition of corticosteroids to antibiotic

treatment of LNB peripheral facial palsy would ideally be

studied in a randomized placebo-controlled trial. Unfor-

tunately, such a clinical trial would be logistically difficult

to perform at least in the US, due to the relatively small

number of cases presenting to most centers, requiring a

large research network. We estimate that for a superiority

trial designed to detect a hazard ratio of 0.656 for the

group receiving antibiotic when compared with the group

receiving both antibiotic and corticosteroids and 90% of

participants achieving full recovery (as seen in our study),

at the 5% significance level with 80% power, using a 1:1

randomization, would require 198 participants.

In summary, peripheral facial palsy is a frequent mani-

festation of early LNB in the US and LNB should be

included in the differential of patients presenting with

acute-onset peripheral facial palsy. There are many clues

from the illness history and the physical examination that

are helpful in the diagnosis of LNB and should be actively

sought when evaluating patients with peripheral facial

palsy. LNB should always be included in the differential

diagnosis of patients who present with bilateral facial

nerve palsy, with either simultaneous or sequential nerve

involvement. Treatment with antibiotic therapy is highly

effective and most patients will recover facial nerve func-

tion fully, usually within 2 months. Adjunctive corticos-

teroid therapy does not appear to affect the speed of

recovery or overall outcome. Most patients with LNB

peripheral facial palsy are seropositive for B. burgdorferi

antibody by EIA at presentation; a point of care test based

on the modified two-EIA approach would be a most wel-

come addition to the diagnostic armamentarium of early

LNB patients and patients presenting with other manifes-

tations of early disseminated Lyme disease.
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